Introduction
============

Chronic obstructive pulmonary disease (COPD) is one of the leading causes of morbidity and mortality worldwide, especially in the industrialized and the developing countries.[@b1-copd-10-1781]--[@b6-copd-10-1781] COPD is a progressive pulmonary disease that may have a profound impact on the general health status and quality of life.[@b7-copd-10-1781]--[@b9-copd-10-1781] These factors motivate extensive research studies in this disease area.

Risk factors of COPD development may be divided into two categories: exogenous (tobacco smoke, air pollution, occupational exposure, etc) and endogenous (age, sex, genetic factors, etc).[@b1-copd-10-1781],[@b10-copd-10-1781]--[@b27-copd-10-1781] Such factors, separately or in synergy, determine the subject's susceptibility level for the disease.[@b1-copd-10-1781] A leading cause for high COPD morbidity rate is delayed diagnosis of the disease.[@b28-copd-10-1781],[@b29-copd-10-1781] COPD is often detected only after appearance of serious symptoms. Most patients with the initial stages of COPD do not receive much medical attention, in particular with regard to early medical intervention.[@b6-copd-10-1781]

Therefore, COPD prevalence estimates based on medical diagnosis statistics do not correspond to the true prevalence of this disease. The goal of our study was to investigate the discrepancy in the COPD prevalence estimates for the Krasnoyarsk region, Russia.

The reported prevalence of COPD ranged from 0.2% in Japan to 37% in the USA, but this varied widely across countries and populations both by the diagnosis method and by the age group analyzed.[@b30-copd-10-1781] Moreover, the assessment of prevalence rates may change considerably according to the diagnostic tools used.[@b1-copd-10-1781] In the Po Delta Valley study, Viegi et al assessed the influence of different spirometric COPD definitions on prevalence estimates.[@b31-copd-10-1781] To define COPD, Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria are used in a large number of studies.[@b31-copd-10-1781]--[@b34-copd-10-1781] Prevalence of COPD varies significantly in different geographic areas.[@b20-copd-10-1781] The overall COPD prevalence among US adults aged 40--79 years varied from 10.2% to 20.9% based on whether pre- or post-bronchodilator values were used and which diagnostic criterion was applied.[@b35-copd-10-1781] The overall prevalence of COPD in the Netherlands is 3.0%.[@b3-copd-10-1781] In Denmark, the overall prevalence of COPD is 17.4%.[@b27-copd-10-1781] In Spain, the COPD prevalence is 7.3% as found by Cabrera López et al and 10% as found by Gómez Sáenz et al.[@b20-copd-10-1781],[@b29-copd-10-1781] COPD prevalence among adults aged 40--80 years in Abu Dhabi was reported at 3.7%.[@b36-copd-10-1781] According to Tageldin et al COPD prevalence in the Middle East and North Africa is 3.6%.[@b37-copd-10-1781] The pooled COPD prevalence defined by GOLD criteria at Latin America and the Caribbean is 13.4%.[@b33-copd-10-1781] The Italian research based on national medical records reported COPD prevalence at 2.8%.[@b38-copd-10-1781] Assessment of COPD prevalence based on medical diagnosis statistics has been previously reported to underestimate the true COPD prevalence. According to a study from Canada, prevalence of measured airflow obstruction compatible with COPD was two to six times greater (under seven definitions, including the GOLD criteria) than estimates based on self-reports of COPD diagnosis.[@b34-copd-10-1781] Similarly, in a study from Spain, 71.6% of the subjects were underdiagnosed and 63.5% undertreated,[@b20-copd-10-1781] and another study from Spain reported that over 75% of cases are still underdiagnosed.[@b29-copd-10-1781] The overall COPD prevalence among Swedish adults aged 40 years and above was reported at 16.2%, and only 29% of subjects with COPD had a previously diagnosed lung disorder.[@b17-copd-10-1781] The COPD prevalence in Jordan was reported at 12.5%, and only 1.5% of subjects previously knew about this diagnosis.[@b39-copd-10-1781] In Tunisia, the COPD prevalence was reported at 7.8%, while only 3.5% of participants reported medically diagnosed COPD.[@b14-copd-10-1781] COPD continues to be an understudied, underdiagnosed, and undertreated disorder, especially in the developing world.[@b17-copd-10-1781],[@b33-copd-10-1781] In Russia, as elsewhere in the developing world, available data on the epidemiology of COPD are limited.

The purpose of this study was to investigate a true prevalence of COPD in Krasnoyarsk region, Russia. Krasnoyarsk region is one of the major counties of the Russian Federation with a population of approximately three million people covering the territory, equal to about 14% of the entire country. Krasnoyarsk region is one of the ten donor-regions, forming more than 50% of the gross domestic product of the Russian Federation and the federal budget. It is the absolute leader among the regions of the country in the development of industrial product per capita. Industrial enterprises (such as chemical and metallurgical industries), located in the regional territory, are harmful to public health. In the Krasnoyarsk, about 46% of the adult populations are active smokers: 65% men and 30% women.[@b40-copd-10-1781] The prevalence of smoking in the Krasnoyarsk region is higher than anywhere else in Russia. According to the Global Adult Tobacco Survey 2009, 39.1% of the adult population of Russia are regular smokers: 60.2% men and 21.7% women.[@b41-copd-10-1781] Krasnoyarsk region is a territory with widespread risk factors for COPD, such as tobacco smoke, air pollution, and work exposure. Therefore, investigation and prevention of COPD is important in Krasnoyarsk region.

Methods
=======

To estimate a true prevalence of a chronic disease, we have to estimate its point prevalence rate. A prevalence rate is the number of patients with the established disease diagnosis supplemented by the additional disease cases detected during medical examinations and the number of cases that caused the patient's death (per 1,000). It is calculated as follows:[@b42-copd-10-1781] $$P_{r} = \frac{N_{e} + N_{d} + N_{m}}{N} \times 1,000$$where *P*~r~ is the true prevalence of the disease (per 1,000), *N*~e~ the number of patients with the established disease diagnosis, *N*~d~ the number of disease cases detected during medical examinations, *N*~m~ the number of disease cases that caused the patient's death, and *N* the average annual population. All these numbers are taken for a particular year.

It should be noted that in the Russian Federation COPD is rarely officially diagnosed as the cause of the patient's death: it is estimated that *N*~m~ is approximately equal to 1% of a true prevalence *P*~r~.[@b42-copd-10-1781] Patients with COPD have a higher level of comorbidities than the general population.[@b29-copd-10-1781] Usually, these comorbidities are assumed as the causes of the patient's death. As it was shown by Afonso et al mortality rates differ substantially between COPD patients and non-COPD subjects of the same age, underlining the burden of this disease.[@b3-copd-10-1781] Thus, the component *N*~m~ is negligibly small and can be overlooked in our estimations.

The average annual population *N* can be obtained from the official statistics of the Krasnoyarsk region. The number of patients with an established COPD diagnosis *N*~e~ can be obtained from the databases of territorial body of state statistics of Krasnoyarsk region. These databases contain information about the medically reported presence of any chronic disease for all the patients in the region.

Identification of patients (residents of the Krasnoyarsk region) with unestablished diagnosis of COPD (*N*~d~ value) was carried out using data collected from the Global Alliance against Chronic Respiratory Diseases (GARD) program 2011.[@b43-copd-10-1781] This study covered 15,000 inhabitants of the Krasnoyarsk region aged 18 years and older. In this program, subjects were selected among the inhabitants of the region using cluster geographical randomization to control for age--sex composition of subject cohorts and differences in population size of the various districts in the Krasnoyarsk region. Participants completed a questionnaire and then performed spirometry with bronchodilator testing if obstruction was observed. COPD was diagnosed according to the GOLD criteria guidelines: the presence of a post-bronchodilator forced expiratory volume in one second (FEV~1~) less than 80% of the predicted value in combination with a FEV~1~/forced vital capacity (FVC) less than 70% confirms the diagnosis of COPD.[@b32-copd-10-1781]

Ethical approval
----------------

No ethical approval was sought for this paper. In this work the databases of the Territorial body of state statistics of Krasnoyarsk region and the data collected from the Global Alliance against Chronic Respiratory Diseases (GARD) program 2011 were used as the information sources. These databases are depersonalized and provide only statistical information.

Results
=======

COPD prevalence based on medical diagnosis statistics
-----------------------------------------------------

The number of adult patients (18 years and older) with the medically established COPD diagnosis in the Krasnoyarsk region in 2011 was 23,244 (*N*~e~ value) according to the databases of territorial body of state statistics of Krasnoyarsk region. The average annual population of the region (18 years and older) was 2,193,962. Thus, the official COPD prevalence is 10.6 per 1,000 inhabitants of the region (18 years and older).

Additionally diagnosed cases of COPD and the true COPD prevalence
-----------------------------------------------------------------

The GARD study revealed 159 patients with previously undiagnosed COPD among 15,000 of the participants. This corresponds to 23,256 additional cases of COPD (*N*~d~ value) among the adult inhabitants of the Krasnoyarsk region. Thus, the true COPD prevalence among the adult population of the Krasnoyarsk region is (per 1,000): $$P_{r} = \frac{23,244 + 23,256}{2,193,962} \times 1,000 \approx 21.2$$

This prevalence is two times higher than the COPD prevalence based only on medical diagnosis statistics.

Age distribution of the patients with an established COPD diagnosis and the additional disease cases detected during medical examinations
-----------------------------------------------------------------------------------------------------------------------------------------

Distribution of patients with an established COPD diagnosis and the additional disease cases by age groups are shown in [Table 1](#t1-copd-10-1781){ref-type="table"} for men and [Table 2](#t2-copd-10-1781){ref-type="table"} for women (per 100,000 inhabitants of the region).

In [Figure 1](#f1-copd-10-1781){ref-type="fig"}, we demonstrate the distribution of the number of patients with an established COPD diagnosis and the additional disease cases per 100,000 by age group: [Figure 1A](#f1-copd-10-1781){ref-type="fig"}, distribution for men and [Figure 1B](#f1-copd-10-1781){ref-type="fig"}, distribution for women. The total number of men with COPD is higher than the total number of women with COPD for both established and additionally diagnosed cases of COPD due to the fact that harmful factors affect more men than women (smoking, occupational exposure, etc). From this figure, we can conclude that the true prevalence of COPD is maximal in the 61--70 age group for men and in the 51--60 age group for women. There are no established COPD diagnosis cases for the age groups 18--30 and 31--40 for both men and women. This may occur due to the fact that clinical symptoms of COPD are not yet present in these age groups. Identification of patients (residents of the Krasnoyarsk region) with unestablished COPD diagnosis is the main contributor to the cases of COPD in the age groups 18--30 and 31--40 for men and the age group 31--40 for women.

In [Figure 2](#f2-copd-10-1781){ref-type="fig"}, we show the percentage ratio of patients with an established COPD diagnosis and additional disease cases for each age group: [Figure 2A](#f2-copd-10-1781){ref-type="fig"}, distribution for men and [Figure 2B](#f2-copd-10-1781){ref-type="fig"}, distribution for women.

It is clear from the figure that the percentage ratio of the established COPD diagnosis is increasing (and the percentage ratio of additionally diagnosed cases of COPD is decreasing) with the increasing age of the patients. This dependence is more strongly pronounced for women than for men.

Therefore, we can conclude that COPD diagnosis is well established in the older age groups when the disease symptoms become clearly expressed. However, in the young age groups, the COPD diagnosis is not established at all (40 years old and less). At this age, clinical symptoms of COPD are usually not expressed enough. Even if some symptoms are present, patients do not pay sufficient attention to them and do not seek medical care. In the young age groups (40 years old and less), COPD diagnosis can be established only by means of a special medical examination. Because COPD can be readily and successfully treated during the early stages of the disease, it is important to recognize and diagnose COPD as early as possible.

Comparison of the data for men and for women reveals that in older ages (70 years and more), only 58.0% of men with COPD have a medically established COPD diagnosis, while among women, this is 81.7%. This difference may be attributed to the fact that women are often more attentive to adverse clinical symptoms than men and are more likely to seek medical attention.

As demonstrated in [Figure 2](#f2-copd-10-1781){ref-type="fig"}, there is also a difference in diagnosis between men and women in the 41--50 age group. Only 19.8% of women with COPD have a medically established COPD diagnosis, while among men, this is 35.6%. This difference may be explained by the fact that symptoms associated with COPD present earlier in men than in women. This may occur because men usually start smoking at earlier ages than women with more intense smoking habits. Men are also more likely to come in contact with occupational exposure than women.

Conclusion
==========

The prevalence of COPD in Russia is underestimated, as in the case in many other countries.[@b14-copd-10-1781],[@b17-copd-10-1781],[@b20-copd-10-1781],[@b29-copd-10-1781],[@b33-copd-10-1781],[@b34-copd-10-1781],[@b39-copd-10-1781] The aim of this study was to investigate the true prevalence of COPD in one of the largest territories of the Russian Federation -- the Krasnoyarsk region.

It was reported that COPD prevalence based on medical diagnosis statistics is 10.6 per 1,000 inhabitants of the region. Identification of patients (residents of the Krasnoyarsk region) with unestablished diagnosis of COPD was conducted within the GARD study 2011. The true prevalence of COPD was estimated to be approximately 21.2 per 1,000 inhabitants of the region. It is two times greater than the estimates based on medical diagnosis statistics. This means that half of the subjects with COPD are not diagnosed, and therefore, are not receiving appropriate treatment for their lung disease.

The COPD diagnosis is established only in the older age groups, while in the young age groups (40 years old and less), it is not established at all. At this age, patients do not pay sufficient attention to the symptoms of COPD and do not seek medical care.

Late identification of COPD results in severe forms of COPD as well as addition of severe comorbidities. Because of this, the index of potential years of life lost and the overall burden of the disease for the population of the region are growing. To address this, it is necessary to carry out special medical examinations to increase the fraction of medically reported cases of COPD. Recognition of COPD at the early stages of the disease can lead to increased success in COPD treatment and a reduction in the overall burden of the disease for the population of the region.
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###### 

Distribution of patients with an established COPD diagnosis and the additional disease cases by the age groups for men, Krasnoyarsk region, 2011

  Age group, years   Patients with an established COPD diagnosis (per 100,000)   Additionally diagnosed cases of COPD (per 100,000)   True COPD prevalence (per 100,000)   Percentage ratio of established COPD diagnosis   Percentage ratio of additionally diagnosed COPD cases
  ------------------ ----------------------------------------------------------- ---------------------------------------------------- ------------------------------------ ------------------------------------------------ -------------------------------------------------------
  18--30             0                                                           47                                                   47                                   0                                                100
  31--40             0                                                           53                                                   53                                   0                                                100
  41--50             35                                                          87                                                   122                                  28.7                                             71.3
  51--60             202                                                         220                                                  422                                  47.9                                             52.1
  61--70             214                                                         253                                                  467                                  45.8                                             54.2
  \>70               114                                                         113                                                  227                                  50.2                                             49.8

###### 

Distribution of patients with an established COPD diagnosis and the additional disease cases by the age groups for women, Krasnoyarsk region, 2011

  Age group, years   Patients with an established COPD diagnosis (per 100,000)   Additionally diagnosed cases of COPD (per 100,000)   True COPD prevalence (per 100,000)   Percentage ratio of established COPD diagnosis   Percentage ratio of additionally diagnosed COPD cases
  ------------------ ----------------------------------------------------------- ---------------------------------------------------- ------------------------------------ ------------------------------------------------ -------------------------------------------------------
  18--30             0                                                           0                                                    0                                    --                                               --
  31--40             0                                                           67                                                   67                                   0                                                100
  41--50             13                                                          73                                                   86                                   15.1                                             84.9
  51--60             75                                                          101                                                  176                                  42.6                                             57.4
  61--70             79                                                          32                                                   111                                  71.2                                             28.8
  \>70               42                                                          13                                                   55                                   76.4                                             23.6
